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BIOMIMETIC CERAMICS AND HARD COMPOSITES -

Paul Calvert

Department of Materials Science and Engineering,
Arizona Materials Laboratories, University of Arizona
Tucson, Arizona 85712, USA

Biological structural materials are all composites and have sophisticated microstruc-

tures which allow good properties to be realized by rather weak polymers and minerals. -

By coupling these microstructures with strong synthetic polymers and ceramics, we
could hope to produce high performance materials. This article reviews the properties
of hard biological materials to provide a basis for comparison with synthetics, and

discusses how biomimetic composites and ceramics may be produced.

1.0 INTRODUCTION

Structural biological materials are all composites. The basic structural units include
elastomers, strong polymers, and reinforcing minerals. These components are mixed in
various proportions and with various architectures to produce a wide range of mechani-
cal properties. Combinations of hardness with toughness and of softness with strength
can give rise to mechanical responses which seem to be superior to the equivalent syn-

thetic materials.

The superior sophistication is easily seen by a comparison between micrographs of the

complex morphology of bone or shell and of the equivalent ceramics or filled polymers.

It is less easy to prove a superiority of properties since the component materials of
bone, collagen, and hydroxyapatite cannot be regarded as high performance materials
when compared to carbon fiber and polyimide. We therefore must make comparisons
on a basis which allows for the different starting properties of the component materials.
Assuming that we can convince ourselves of a performance improvement which arises
from the material architecture we should consider how to develop synthetic materials

with equivalent microstructures.
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